Background: Vitamin D deficiency is common in older adults in Western countries with seasonal winters, when the amount of sunlight is much reduced. There is a paucity of data on the prevalence of vitamin D deficiency in patients with hip fracture in countries such as Singapore where the climate is predominantly tropical. Objectives: In this study, our aims were to ascertain the prevalence of vitamin D deficiency and risk factors associated with vitamin D deficiency in hospitalized elderly patients with hip fracture in Singapore. Methods: We prospectively studied 485 patients with hip fracture admitted to the orthopedic department over a 1-year period. Nonfragility fractures and younger patients (patients <60 years and those with high-impact injuries) were excluded. Data on patient demographics, comorbidities, functional status, and serum 25-hydroxyvitamin D 3 levels were collected. Vitamin D deficiency was defined using Holick classification. Results: Vitamin D levels were available for 412 patients. Vitamin D deficiency was present in 57.5% (n ¼ 237). Prevalence of vitamin D insufficiency was 34.5%, with only 8% of patients having normal vitamin D levels. Univariate analyses showed Malay race and functional factors (being housebound, requiring bathing and dressing assistance) to be associated with vitamin D deficiency. However, only ethnicity and housebound patients were significant in the multivariate model. Conclusions: Vitamin D deficiency and insufficiency are common in patients with hip fracture in Singapore. Vitamin D deficiency was associated with being housebound and those of Malay ethnicity. Clothing habits resulting in reduced sunlight exposure may increase the risk of vitamin D deficiency.
Introduction
Vitamin D deficiency is associated with increased muscle weakness and pain leading to reduced strength, balance, and function 1 ; increased bone turnover 2, 3 ; and increased risk of falls and hip fractures 4 in older adults. Elderly people are at greater risk of vitamin D deficiency because of risk factors such as (1) suboptimal sunlight exposure and lower cutaneous synthesis of vitamin D, (2) reduced dietary intake of D 2 (ergocalciferol) and D 3 (cholecalciferol), (3) impaired intestinal absorption, and (4) impaired hydroxylation in the liver and kidneys 1 Vitamin D deficiency is common in elderly patients in Western countries, especially in the early spring due to reduced cutaneous synthesis during winter months, 5, 6 in housebound individuals, 7 and in medical inpatients. 8 The prevalence of vitamin D deficiency is even higher in elderly patients with fragility fractures (varying from 55% to 91.6% 6, [9] [10] [11] [12] ).
Singapore is a multicultural country consisting predominantly of 74.1% Chinese, 13.4% Malays, and 9.2% Indians 13 situated 1 north of the equator. It has a tropical rainforest climate with uniform temperature and periods of sunshine throughout the year. We postulated that vitamin D deficiency in Singapore should be lower than in the countries with seasonal winters (ie, with winters in which there is reduced sunlight). There is a paucity of data on prevalence of vitamin D deficiency among patients with hip fracture in tropical countries such as Singapore. There are a few studies in India that revealed high rates (76.7%-96.7%) of vitamin deficiency among patients with hip fracture. 14, 15 The aims of this study were to ascertain the prevalence of hypovitaminosis D and the risk factors associated with vitamin D deficiency among hospitalized elderly patients with hip fractures in Singapore.
Methods
We did a prospective cohort study from September 01, 2009 to August 31, 2010. These patients were part of the orthogeriatric hip fracture service where patients with hip fracture were comanaged by orthopedic surgeons and geriatricians. A total of 485 consecutive older patients with fragility hip fracture admitted to the orthopedic department were studied. We excluded patients younger than 60 years old and those with high-impact injuries.
Data on patient demographics (age, gender, race, and living arrangements), falls history, premorbid mobility, premorbid functional status, inpatient mortality, and serum 25hydroxyvitamin D 3 levels were collected by a research assistant employed by the Department of Orthopaedic Surgery.
We defined vitamin D deficiency using Holick classification 1 where vitamin D deficiency is considered when there is a vitamin D level <20 ng/mL, vitamin D insufficiency is defined as vitamin D level 21 to 29 ng/mL, and normal vitamin D levels are defined as 30 ng/mL. The 25-hydroxyvitamin D 3 was measured using Roche Cobas e601 immunoassay analyzer (Roche) using the Roche Elecsys vitamin-D 3 assay (Roche Mannheim, Germany) in the hospital's accredited laboratory.
Statistical Analysis
We analyzed the data using Stata version 10.1 (Statacorp, College Station, Texas) statistical software. We present continuous variables as mean and standard deviation, while categorical data are presented as frequency and percentages. We used univariate logistic regression analysis to ascertain the risk factors associated with vitamin D deficiency. The significant risk factors from univariate logistic regression were then entered into a multivariate logistic regression analysis to assess the independent risk factors associated with vitamin D deficiency. We considered a P value of <.05 to be statistically significant. We obtained ethics committee approval for this study from National Healthcare Group Domain Specific Review Board.
Results
A total of 485 patients with hip fracture were admitted during the 1-year period of whom 412 had vitamin D levels measured during their admission. The patients had a mean age of 79.8 years. They were predominantly female (71.4%) and of Chinese ethnicity (88.4%). Most patients were admitted from home (94.9%); only 4.4% were admitted from nursing homes. The majority were community ambulant (64.6%) before the hip fracture. Nearly half of them needed assistance with mobility (46.1%) although most were independent in their basic activities of daily living (see Table 1 ). Nearly a third (28.2%) were recurrent fallers (defined as 2 falls in the last 12 months). Inpatient mortality was low at 1.94%.
The mean vitamin D level was 19.1 ng/mL. The prevalence of vitamin D deficiency among hospitalized elderly patients with hip fracture was 57.5% and vitamin D insufficiency was present in 34.5% of patients, with only 8% having normal vitamin D levels (see Figure1). Most Malay patients with hip fracture were vitamin D deficient (90.5%, n ¼ 19). Upon univariate analysis, Malay patients with hip fracture, (odds ratio [OR] ¼ 7.7, P ¼ .007), housebound patients with hip fracture (OR ¼ 2.05, P ¼ .001), those requiring assistance in bathing (OR ¼ 2.22, P ¼ .002), and dressing (OR¼ 2.37, P¼ .002) before the hip fracture were found to be more likely to have vitamin D deficiency (see Table 2 ). Patients with hip fracture who required assistance in mobility before the hip fracture had a tendency to vitamin D deficiency (OR ¼ 1.47, P ¼ .5) although this did not reach statistical significance. There was no significant association between age, previous number of falls, and living arrangement with vitamin D deficiency. Multivariate analysis showed only Malay race (OR ¼ 6.94, P ¼ .01) and housebound status (OR ¼ 1.97, P ¼ .002) to be associated with vitamin D deficiency ( Table 2 ).
Discussion
This study shows that hypovitaminosis D is common in older patients presenting with hip fractures-even in sunny Singapore. Of the elderly patients with hip fracture, 57.5% had vitamin D deficiency and 34.5% vitamin D insufficiency, with only 8% of patients with hip fracture having sufficient vitamin D levels. This is comparable to deficiency and insufficiency levels found in Western patients with hip fracture. 9, 10, 16 The predominance of female patients with hip fracture also mirrors that seen in Western countries. 17 The low inpatient mortality of 1.94% is also not dissimilar to other Comanaged Geriatric Fracture Centres. 18 The finding that the housebound state carried a significantly greater risk of vitamin D deficiency compared to previously community-ambulant elderly patients with hip fracture has also been previously reported. 17 This group of frailer housebound patients are more likely to have less sun exposure as they are not only confined indoors due to reduced physical activity but are also likely to have other risk factors, such as reduced dietary source of vitamin D as well as coexisting illnesses (such as liver and renal impairment) that could contribute to vitamin D deficiency.
Interestingly, patients with hip fracture previously residing in nursing homes before admission were not significantly associated with vitamin D deficiency. We postulate that this unexpected finding could be explained by the small sample size. A Turkish study had shown that patients living in old age homes had higher risk of vitamin D deficiency than those living in their own homes. In the same study, they also found that clothing habits and exposure to sunlight were also associated with higher risk of vitamin D deficiency. 19 We were interested to find the levels of vitamin D deficiency to be 90.5% in Malay patients with hip fracture compared to 55% of Chinese and 61.1% Indian patients with hip facture. Darker skin pigmentation is associated with low vitamin D levels and the presence of genetic factors may have resulted in increased 24-hydroxylase activity in Indians. However, in our study, we did not find any significant differences in Indian patients but only in those of Malay ethnicity. We postulate that this could be related to religious cultural practice of dressing style (long sleeves, head dress for Muslim-Malay females) and this avoidance of sunlight by the Malays could account for the lower vitamin D levels. Similar findings of Malays being at greater risk of vitamin D deficiency than the Chinese were also shown in a recent study in Singapore by Hawkins 20 although this was in a younger population. Studies have shown a high prevalence of vitamin D deficiency (49.4%-100%) in healthy young women in the Middle East despite abundant sunlight, and conservative clothing style has been identified as a risk factor. 21, 22 This is an interesting finding which merits further study for vitamin D genetic polymorphisms, environmental factors, and clothing habits which might account for the ethnic differences observed.
One limitation of this study was that 25-hydroxyvitamin D 3 levels were measured rather than total 25-hydroxyvitamin D as that was the only vitamin D assay available at our hospital. More than 95% of 25-hydroxyvitamin D measurable in the serum is 25-hydroxyvitamin D 3. 25-Hydroxyvitamin D 2 reaches measurable concentration only in patients taking D 2 supplements. 23 Thankfully, most vitamin D supplements are in the form of 25hydroxyvitamin D 3 . Hence 25-hydroxyvitamin D 3 correlates very closely to total 25-hydroxyvitamin D. Another limitation was that we did not capture data on whether the patients were taking vitamin D supplementation on admission to hospital. It would have been useful to find out whether those taking supplementation were still at risk of vitamin D deficiency. Also, the actual definition of vitamin D deficiency is also not universally agreed and cutoffs have been known to vary from 12 to 30 mg/L. The Institute of Medicine has defined serum vitamin D levels of 20 mg/L as adequate and less than 12 mg/L as deficient. 24 Holick and the Endocrine Society Clinical Practice Guideline has defined vitamin D deficiency as <20 mg/L and insufficiency as 21 to 29 mg/L. 1, 25 In this study, we took <20 mg/L to be vitamin D deficient based on Holick classification. 1 Furthermore, we do not have the data on which patients had received vitamin D supplementation before admission. The authors of a systematic review and meta-analysis of hip fracture risk in relation to vitamin D supplementation and serum 25hyroxyvitamin D levels argue that neither higher nor lower dose vitamin D supplementation prevented hip fracture. However, the review consisted mainly of uncontrolled observational studies. 26 
Conclusion
In summary, this study confirms that vitamin D deficiency is common in elderly patients with hip fracture in Singapore and is associated with being housebound and ethnicity (Malay race). This initial work warrants further larger scale studies of ethnic vitamin D variations and potential causal interrelationship between function (housebound state), cognition, comorbidities, and vitamin D deficiency state on fragility fractures as well as the possible effect of styles of clothing on vitamin D levels.
